The effect of chelating solutions EDTA, EGTA and CDTA on human dentin adhesiveness and microleakage with 4 sealers (Sealer 26, Sealapex, N-Rickert and Endofill) was evaluated in vitro. Whether or not there was a mathematical correlation between the tests of adhesiveness and microleakage was also evaluated. A total of eighty maxillary and mandibular molars were used to test adhesiveness. After wearing of the occlusal surface to obtain a flat surface, the sealer was placed with an aluminum cylinder (10 mm x 6 mm). Adhesiveness was evaluated with a 4444 Instron universal testing machine. Microleakage was evaluated in 160 maxillary canines after root canal instrumentation, obturation and clearing. The penetration of India ink in the apical region was measured with a measurescope. The teeth were divided into 4 groups: group 1, distilled water; group 2, EDTA; group 3, EGTA; group 4, CDTA. Sealer 26 and EDTA had the best results (p<0.01) for adhesiveness and microleakage. There was no correlation between the test for adhesiveness and microleakage.
INTRODUCTION
In order to achieve success in endodontic therapy, all steps of treatment must be followed carefully and a hermetically sealed root canal is necessary. Cohen and Burns (1) state that obturating a root canal means filling in all its extension with an inert and anti-septic material, thus sealing that space. Obturation must not interfere with and, if possible, should stimulate periapical tissue healing, which must occur after endodontic treatment.
Specification number 57 for endodontic obturating materials of the American Dental Association does not recommend a model for adhesiveness and apical microleakage tests. Adhesion of a root canal sealer means its capacity to attach to the dentinal walls of the root canal and provide bonding between it and guttapercha points. Apical microleakage analysis means the capacity to evaluate qualitatively and quantitatively the penetration of fluids into the root canal system. Kouvas et al. (2) and Kennedy et al. (3) reported that smear layer is a negative factor in root canal sealing, because this organic and inorganic material adheres easily to the sealing material and root canal wall interface reducing the adhesion of sealers. Thus, it is easy to understand the concern of researchers in relation to the removal of smear layer prior to root canal filling with the objective of penetration of the sealer into the dentinal canaliculi, causing the mechanical interlock and increasing the physical link of the sealer to the canal wall. In endodontic therapy, EDTA (ethylenediaminetetraacetic acid) has been used for this purpose (4) .
There is much medical research about chelating solutions to detoxify heavy metals that contaminate patients. EGTA (ethylene glycol-bis-(beta-amino-ethyl ether) N,N,N',N'-tetraacetic acid) has been used by various researchers at low concentrations (100 µM-1 mM) when a medium free of calcium ions is needed (5). Sanchez et al. (6) reported that CDTA (cyclohexane-1,2-diaminetetraacetic acid) reduced ion concentration significantly. Thus, considering that in the medical field many chelating solutions besides EDTA have been used and that there are specific chelating agents for calcium in neutral pH, these solutions should be tested for use in endodontics. The aim of this study was to evaluate the effect of EDTA, EGTA and CDTA, applied to human dentin in vitro, on the adhesion of Endofill, Sealapex, N-Rickert and Sealer 26 root canal sealers.
MATERIAL AND METHODS
Four root canal sealers were used in this study: Sealer 26 ® (Dentsply; Rio de Janeiro, RJ, Brazil), NRicket ® (Inodon; Rio Grande do Sul, RS, Brazil), Sealapex ® (Kerr Corporation; MI, USA) and Endofill ® (Dentsply; Rio de Janeiro, RJ, Brazil). Sealer 26 is composed of powder and resin, Sealapex is paste based and the other two sealers are composed of powder and liquid. Powder/liquid, powder/resin ratios and setting times of each sealer were determined by the method proposed by Sousa-Neto et al. (7) ( Table 1) .
Adhesion Test
For the adhesion test, 80 extracted human maxillary and mandibular molars with intact crowns were kept in 0.1% thymol at 9 o C until use. The crowns were cut on the occlusal side with 1212 KG-Sorensen diamond burs (KG-Sorensen; Baruiri, SP, Brazil) until a flat dentin surface was obtained. The teeth were fixed by their roots in a resin block and divided into 4 groups: group 1, distilled water; group 2, EDTA; group 3, EGTA; group 4, CDTA. Five repetitions were done for each group. The surfaces were washed for 1 min with running distilled and deionized water and air dried.
Aluminum cylinders (10 mm in height and 6 mm in diameter) were manufactured. These cylinders, which had stainless steel lateral handles to which the tensile load was applied, were fixed laterally with utility wax on the prepared dentin. The sealers were mixed based on previously established powder/liquid or powder/ resin ratios (Table 1 ) and the cylinders were filled. The sample was placed in a sterilizer at 37 o C with 95% relative humidity for a time that was three times the setting time of the material ( Table 1) .
This sample was then placed in an Instron 4444 universal testing machine (Instron Corporation, Canton, MA, USA) equipped with load cell, an oscillating system and a spring adapter. The machine was calibrated at a constant speed of 1 mm/min. The tensile load, in Mega-Pascal (MPa), required to cause failure of the bond was recorded.
Apical Microleakage Test
A total of 160 maxillary canines from laboratory stock kept in 1% thymol solution under refrigeration until use were used for the apical microleakage test. Standard access surgery was performed in all teeth, the pulps were extirpated and the pulp chambers irrigated copiously with 1% sodium hypochlorite. Length determination was performed with a #15 K-file, one millimeter short of the anatomical apex, where the apical stop was prepared. The crown-down technique was used, and the master apical file was a #50 K-file.
After root canal preparation, teeth were divided into four groups. Group 1 was irrigated with distilled water. Group 2 received 2.0 ml of sodium hypochlorite between files and 10 ml as a final flush. After this, 2.0 ml of 15% EDTA was placed into the root canal for 5 min, followed by 10 ml of distilled and deionized water. Groups 3 and 4 received the same irrigation regimen, but the chelating solutions were 1.0% EGTA and 1% CDTA, respectively. Teeth were then filled with one of the sealers using the lateral condensation The outer surface of the tooth was impermeabilized with cyanacrylate, with the exception of 2 mm from the apex of the root, and immersed in India ink at 37 o C for 96 h, allowing it to penetrate through the apical portion.
Teeth were then washed in tap water for 1 h and dried. The cyanacrylate layer was removed from the tooth surface with a scalpel. The teeth were immersed in 5% hydrochloric acid for decalcifying, and then washed under tap water for 4 h. Dehydration of the teeth was performed with an ascending series of alcohol (70, 85, 96 and 100%) and were cleared in methylsalicylate. Dye penetration was measured at the apical level with a measurescope (Nikon, Japan) ( Figure 1 ).
Data were analyzed using ANOVA. Results showed statistical differences (p<0.01) between tested sealers, but no differences (p>0.05) between tested solutions. The Tukey test was then applied for the determination of which sealers were different among each other. Tables 2 and 3 (Table 3) . A correlation and regression test was used to evaluate if there was a mathematical correlation between adhesion and microleakage and there was no correlation found.
RESULTS

Adhesion and apical microleakage test results are shown in
DISCUSSION
Adhesion to the root canal wall is one of the properties that a sealing material must have. The Ameri- Table 2 . Load necessary to separate sealers from dentin with EDTA, EGTA and CDTA. can Dental Association did not standardize a method for the study of adhesion because there is a lack of agreement among researchers. Ørstavik (8) used a universal testing machine to measure adhesion of root canal sealers. This method was also followed by Hyde (9) and Sousa-Neto et al. (10), who confirmed the uniformity and reproducibility of this machine. The values of bond strength expressed in MPa are accepted universally which allows the comparison of results. It is important to note that an oscillating system was used between the load cell and the spring adapter in the present study to avoid the application of eccentric load to the sensitive part of the load cell, thus eliminating errors of measurement (10). Many researchers have evaluated the apical seal of root canals. In the present study, clearing was used to evaluate apical microleakage because it is simple, easy, economic and allows a tridimensional view of the root canal (11) .
When Østby (12) proposed the use of ethylenediaminotetraacetic acid at pH 7.3 for instrumentation of atresic root canals, the use of strong and concentrated acids was eliminated. This proposal was based on the research of Nikiforuk and Sreebny (13) about the action of EDTA on decalcification of bone structures and its physical-chemical properties.
Much research has since associated EDTA with cationic or anionic surfactants which reduce superficial tension, easing the wetting of the dentinal walls (14) . However, in Medicine, more specific chelating agents such as CDTA and EGTA are being used (5, 15) . Sanchez et al. (6) researched the efficacy of EGTA and CDTA on the chelation of manganese in mice, and concluded that only CDTA reduced the ion concentration significantly. Recently, Johnson et al. (15) used EGTA to obtain an extracellular environment totally free of calcium.
In the present study, EDTA solution was statistically superior in adhesion tests compared to CDTA and EGTA, which presented intermediate values. The group treated with distilled water presented the lowest values for the adhesion test. There is a molar concentration difference between the chelating solutions (15% EDTA = 0.419 mol/l; 1% CDTA = 0.0274 mol/l; 1% EGTA = 0.0263 mol/l) that suggests a less efficient action of 1% CDTA and 1% EGTA compared to 15% EDTA. We believe that if less concentrated solutions are as effective as higher concentrations, the first are preferable. Results showed that 1% CDTA and 1% EGTA solutions have a chelating action not very different from 15% EDTA. Thus, further research is necessary to determine if a minor increase in concentration of CDTA and EGTA would give equal or better results than 15% EDTA.
Çalt & Serper (16) studied 17% EGTA associated with 5% sodium hypochlorite and concluded that, at this concentration, EGTA promotes open dentinal tubuli, removes smear plug and is thus indicated as an alternative to EDTA for smear layer removal. There are many questions yet to be answered concerning EGTA and CDTA before these can be safely and regularly used in everyday practice. However, research slowly contributes to better understanding of their properties. Figure 1 shows the similarities between Sealapex, N-Rickert and Endofill sealers, independent of the chelating solutions applied. However, Sealer 26 had greater adhesion values when applied to dentin treated with EDTA or CDTA solutions than on dentin treated with EGTA or saline.
The presence of rosin can explain the results for N-Rickert and Endofill sealers, because this component is responsible for adhesion by electrostatic bond of these sealers (7). Thus, the morphological changes produced by chelating solutions on dentin does not interfere with the adhesion of these sealers.
The chelating agent increased adhesion values when compared to dentin without any treatment. EDTA, EGTA and CDTA removed smear layer, which permitted the penetration of epoxy-based sealer (Sealer 26) into the dentinal tubules. This favors a greater bonding between dentin and sealer, increasing the adhesion values compared to dentin without treatment. Sealapex presented the lowest adhesion values for the different treatments studied, in agreement with other studies (9) . This can be explained by the high setting time, solubility and disintegration of this sealer (9) and low flow rate (17) , thus impairing its ability to penetrate into dentinal tubules and promote a mechanical bond to dentin. Even with the removal of smear layer, which would allow a greater penetration into the dentinal tubules, this cement is easily displaced from the dentin due to its low cohesive structure.
Studies by Kennedy et al. (3) and Kouvas et al. (2) , among others, showed that the smear layer acts as a physical barrier interfering with adhesion and penetration of the sealer, increasing apical leakage. According to Evans et al. (18) , the presence or absence of smear layer has no significant effect on the apical seal. However, Saunders and Saunders (19) report that its removal can improve root canal sealing.
Regarding the physical-chemical properties of the root canal sealers, Sousa-Neto et al. (10) showed the need of removing smear layer for greater adhesion of epoxy-based sealers (Sealer 26) to dentin. The results obtained in the present study confirm a better apical seal with Sealer 26 when the smear layer is removed decreasing apical microleakage and contributing to a three-dimensional seal of the root canal system (3, 10) .
According to Silva (20) , many authors use the apical microleakage method to evaluate apical seal and also adhesion. In the literature, however, studies do not show a relation between these two variables, only suppositions. The results of the present study of the correlation and linear regression tests for 2 variables confirm no correlation between adhesion and apical microleakage.
Thus, it can be concluded that both adhesion and apical microleakage, when studied individually, can contribute to the physical-chemical studies of root canal sealers. This can lead to improvements in or creation of new root canal sealers.
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